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1 

[mm i ) *&#mm±tc#7>\>^ h nt^«i©s 

K*JB3UI*SW*ie4. 

L tcHM* S / < * - >-erC * - x. > -5IH £ . 
;£3S#u— tf^tf- FODSSiS^. 

im?m3 ] iMB*?-$*jnitt. y> f— T'Ga a 
tvfr-cf&m-rz c i £ -r ■s^it #©©b » 2 ^ 

f B4S©¥&# U — tf 2 A * - F©SJii;££. 

[ti^g4 j ifrgB^«^ajiB5±)g«. a 1 , Ga a s 
(x^o. 6) -c^-r^ci*!itiii-r*^is*cD 

CIS*3a5 J fflBlfiltflltt. S i O, %1c\%S i , N, 
©C»rn*>T^figT S C £ £1t©£ "T S1$i¥fS*©®H 
Sil2JSiEf&cD¥ig<*U--- !f F©Slj*^. 

[fft;J8g6 ] «5fBi|&»B&;<*->©«| (W, ) 3~ 
7 ^mr**C£*^£T£^i«i#©ffiBfii23BfB 

#4 c 4 «t tzmnm^mmm 2 ^satg© 

U — tf 9 A * - F©§£fc£i£. 

e^x h*£«u mfeoim (w, =w, <w, ) zm? 

•&A-£->T*iiusE* h uyx Y*>i*t--^>?\sid®.m 
fBA£-->:?£ftfc*hU>?;* f-£v* * £ L/TliiiiB 

#i*ft*©KHS2^iaiS©*^u— tf f© 

[ 1*3819 ] ItrSB* h Ui>* H*. ft 
©S?^rS]*J|fFsBfi J f'5*;u@©^s^fi<0 1 1 
>SKB<0 -1 - 1 xcrSoT^fiXSn-SJ:^ 
CCM- $ - - > ^TS C £ £*5f® £ T 3ttflFn*<!>ttH& 
2^SBIS©^(*U— tf F©«a*&, 
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[nxm 1 0 ] sjsb* h ut?* f- BRSsn/c^-^- 
>©*<*:fri£j#i<rgEffi^ x *a«D&A£tt< 0 - 1 

1>SL<IJ<0 1 - 1 >(c?Sor^3n-5«J: 
5JCA*-i>*-rs c £ £#«i£-r-5#f*ffl#©S5ffi 

m8 3Sga3s©^»u— tf$v*- F©i«s^a. 
im?m 1 1 ) friB* t u-^ h©^-^->©i® 

(W, ) 8~1 2 Mm-C*5C£*#®£r-5!|fi* 
t»*©l5H^8 «feig©**» U — tf 9 A *- F©S?& 

h f zmm u-cts&T z c t zmm t -r t*is^©i5 
'&Km&m.m&\muft<Dm.* v * >vm*mnr sept 

BiJ«. S^-^ 3 :>>i'©/l$©l/2SS^S-r4J:5«:«i 
MS £ C £ ?r^84 £ T S^ti^©©Hm 1 3 ^IB«S© 
¥m#ls— 99 A*- F©tSi^. 

#m£T-5*«{*U— tf F©SSit^. 
CfS^aai 6] iiusBKftS^x^JItt:. ^fiS§n/c>'^ 
f->©S3^(6l*iBJfBfi^-i; x ;U@©^S75r{4< 0 
1 l>SL/<«<0 -1 - 1 XCffiotMSh 
Si 5fO<*--> ^T-2>C £*^£-r^^f¥fS3j<© 

©ami 5^iatE©¥3s*u— tf^-/*- F©Kj§^ 
2->©gs^[Si*stafBS^'f * frmvm&yji&K o 

-l i>§(/<«<0 i - 1 xtrQ-yXBiftzti 
5 i 5 {c>-^--> ^Ti C £ «r^£r •S#s*fS^© 

mwmi 5^gB$g©^ii<*u— tf^-/*- F©i8jg^ 

[fS^ll 8] jtrfB^fcfi^-^x;^!©^^-^©!?! 
(W, ) «. 3~7 umr*SC ££!$©£ -TS^Si 
^©®ffl^ 1 5^fBtg©^«(*U— tf 9 Air- F©KiS 



(3) 

3 

©*§ * w -r s > - > -e^ * - - > ^-r s x« £ . 

itrteiffiiSjgteJ:c^^«5S2iw±ja*i^*rsxg«i: 1 
iphnzc tzmLttz^mitis— *r*tA*- f©ss 

io 

Ga a s rj&jS-rs c £*#© tTz<mFn&(Dmmm 

0. 1 */m©JI3TffM?-*C££#S&t*£!f#mii3j< 
©ffiBJill 9Jfiei£©30gf*U— !fy^*-F«MB»5r 

Ss. • ■ 

9~^<o&^mifimmmmcom^ii<o i i 

>§1/<B<0 -1 -l>{c?9,tMSnS<t5 20 

1 9 mzi$,<D¥m# u-irtfA*- Femmymi. 

*->©»S3ET|S|#«9BSttli©ttli56rffi<0 -1 
l>St/<»<0 1 - lXc&TtTjRi&Sti&J:? 

i 9 msm<omm» u -tf *v * - f ©ssjg^a. 

[DMf2 41 fflBttllRtt. S i 0, $fc»S i , N 

mm 1 9Ttas»(D^t»iy— r za*- Fowftftt*. 30 

h f &m s c t mmt -rz&ftm&vm 
mm 1 9TOtt©2NW*u-ir*-f fcdmbab. 

[ff^S2 6] nEtUUIO^jr-XDM (W 4 ) ». 
3-7(imt?*5Ci =M$«£ * S*tS*i8 #©15110 1 
9«iBi8©¥3M*U-" 9* A*- F©SB£2rffi. 

WE«*3 xiUJ|±K -®S£je»£-f *X?1£ . 40 
BUgB-S®^0TS©?I (W, ) *Wr*^*->-C^ir 

--^•r-sxg^ 

SS*J&iX?*X!I£. 

H-TIB ~ »JK £§£±-f * XS £ #> 6 •& C £ *4#S4 £ 1" 3 

iff -f*- F©§«i§:£ft. 
CsS*«2 81 SfTI2-ffi]g«. PSG/SiO, . PS 
G/Si, N 4 ©^Tft*>T»r£C££!|$§i£T* 
#5<FSf#©igBJfl2 7 JgSfi4S©¥*g<*b— !f if A t- F 50 
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©SSjS#£. 

[IS*12 9 ] J&fiSSttfcAS-XDg 
3^Wfffii^')x*I©SlM<0 1 l>g 
U<«<0 -l - l >(c?9o-c^RK3n-5.<J:^«:^- 
*-~>^TSC££#gi£TS^I^#©ffiHm 9 
^B«g©*«{*U— tf 2V tf- F©Ui££ft. 

2xm&m§&s*'t>*)i>m<Dmg§,j3tjL<o -1 i> 

£0<tt<0 1 - 1 >lciQ->XB&2tiZ£'>K.'-i 

$-->#-rzt£*mit?z®ffn*<Dmmmi 9 

qtiBiS©30g#U— tf^tf- F©«Jg*ft. 

im?m3 1 ] ana-as^ #->©*§ (w, > «. 3 

~7 Mmr*£C££^£tfS1SmtJj<©ffillSfr2 7 
JHBig©*ig#U— tf 2Vtf- F©Sfjg:fr&. 

[»*53 2] BMiE^? FJStt. Al,.„GaAsT 
^»£T*C £*1$®£*SteIMji3|?©©fflSj|l 1 JliBfg© 
ff^*- F©S?it^& 

[fS^3.3] tflEf 7* FJl^. LPESSfcBMO 

c v n&o^-rtifric «t 0 ? «s c <b i t z 
*ms$m<Dmmm3 4mm<D¥m#i>—*f?A*- f 

Fm±ttc* + yym*:Bis.?zm!g£> s?ri2* 

» 7-@©±SB4*^*«©TS|5<i:«C^n^nmS* 

g«*©ffiH^ 1 3«feig©¥«<*u— «f ^-c F©sig 

im^m 3 5 ] * 1 m^mmm±icm 1 
m> m 1 ^^©^r fji , m 1 «ms©^ 1 9 

Is-?? F®. ^2®mM©m2 i"5 v FS. a^-^x 

SSriBiteiSS^BifS©*! (w> ) **-r^^^->-c-'<$ 
iriE^»ftl»^feJ:0CFa!BjaSI»±BI*l?iBI6» 

now (w, ) icmmu.*mzm*fi*->-c'*i> 

mmtmm & miR.mt,cm& § -b-t ^L&xm=s:Bscr z> 

itt&m&xmtm it?'?* jni?r§f^©ii$ 
mrie^aASite «fc u l ^mmm±icm 2 3 * 
rat. 



(4) 

5 

%m*.zc tzmkftzm&wv-? f©» 

[fiS*B3 6] tJIBS^x^/ltt. T> KV— 7"Ga 
As. (5iSg©p^GaA s. */c«fiiS^nMGa A 

BSS 3 53fgB*K©3UgfcU— !f F©l£i:£&. 

tswss3 7 ] «ne^*fi!gjasi»±^«. p iai, g 
aAs (x^o. 5) -c&m-zz&mtT 

10 

[f»*^ 3 8 ] mtmwbTii&zms.. pigbast 
s c <t -rs^Fit *©iifflm 3 5 jssess 

ctt^3 9 ] m&&W}rm&mte. 4x4^100 

* > &x F n - A©JP <* £ m-T £ <£ 5 K^lS^S c -t * 
#©4TS#l*gt#©ji6HSil3 83SIBfg©¥iH*U— tf 
2V*-F©3S&:fr&. 

Cf»*S4 0 ] BiTffi^^tt. SiO, SfcttSi, N 

mm 3 5 :®feis©*&<* u — if y-f * - f <om^ym. 20 
[fuses 4 1 ] ma^amj^-><Dm (w, ) «. 3 

~7 ymtabSC 4£#tfr4TS#f*li!:fc©ffiHSil3 5 
3Bffi»©*»#U— F©§S!if#ft. 

itJK*;-! * - - > £©PItt:. 

mmom (w, ) ^t5A$->tA$-i 
>f-rsxii4. 

juie* f- uy^ h><£->&^**4 OTiiriBiBii?iw& 
^*®*s j; u^msmmm±m^m^.m]-r zumtis. 30 

5Ci *!fc#4 -T S^f¥IS^©ffiHm 3 5 ^iBtg©¥*g 
#U— !f #-f*- F©«Jft3EFtt. 
[ff^S4 3 ] iuiB* h Ui?* HI. J&iKSft/c^*- 

>©g<* ^rrfij^Biriea^-'? x )vm<om^3&.< o 1 

l>fl<«<0 -1 - 1 >iOQ^X&f£$inZJ: 
5 K ; < * - ^ > i^T S 1 4 4 "T *^l¥tS#©f5iB 
04 23Bieig©30!Sf*U— if^-f*- F©SSfifefr£. 

[g»3tS4 4 3 IJiB* h u^* h n. WJtifo^- 
>©s$ ^^frgBfi^ 1 ? x ;us©*ss:#{i< o - 1 

1>§1/<B<0 1 - 1 >K?Sot^3ti5J: 40 

[fss<3S4 5 ] ina* h Y<o^^~><om 

(W, ) H. 8-1 2 umVibZCtZftmt-rZftfr 
ff*©«H04 2^IB«g©*Ji(*U— !f^-f F©S« 

[Sf5j^4 6 ] B?IBSiRW^^M*sJ:t;T«^aSS)5 
it©«, H, SO. : H, 0, :C,H, (OH), : 

= i:2: i^m^mmbrm^miricti^t 
r zmvfja&ommm 4 2 3ifB$g©**i<* u — tf *y * so 
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- F©UiS^. 

[H*S473 iirgBmifcfMBEJgtt. MOC V DftiC«fc ») 

Sg©^<*u— !f?y F©i?iS*s. 
[ sfj#s 4 8 ] m ^mmt. boe zmm vxm^r 
sci *1#©4 -r z<ft&n*<D&mm 3 5 ^gasg©^« 

ifjgt*. H, SO, : H, 0, : C,H, (OH) , : 

= 1:2: Ti&®.*mmLxi&&-f2>c.t*msit-rz> 
©ssit:fr*£. 

x ;u@©/i3 ©1/2 g^-r 4 «t 5 «ct*M-r -s 

C 4 4 T 5#rpf8*©ffiH^ 3 5 BtS©*««: 
[11*^5 1 ] m?iBS^^xJU)a«. NH4 OH : H, 

o, :h, 0=1 : 1 : 5 o ommzmmurm.jSMM 

•T*C4«r#®4-rS^^©ffiffl05 0SIBt£©* 

in>ms 2] mums??? f®». ai,., Ga a 

s TW^C 4 4 f^#itiS^©ffifflm 3 5 m 
!BS£©W* U-tf^W^-F ©SiS^. 
[fS^®5 3] MSB* -7* FB«. MOCVDSSfclJ 

l p e ffi©t^m*>cc j: k> Btirrzc 4 *#©4 -r s# 

f+ft^©ffiHM 3 5 3lBB«g©^^ U-tfy-faf-Ffl) 

[§f^5 4] ^»S«4. 
»>ri3^»S«J:«:^5 ft/c y^;u^-fnS^«jg4 
ffitt®4. 

4. 

@4. 

MiB?Sffil±©t)jiBSIjjSiaA«M««:^ $ titcm 2 fi 
^^x;L-@4. 

tiP'yv F@4. 

*if^SJ:4^#®4rS*«<*U— tf^-f^— F. 

[i*S5 5] BifiBSUS^xJU^Ij^SiP?*^ 
JS4«. S«:a5/?^*Wr4c4?r#m4-r5^fS 
*©®Hm5 4^IB«g©*^ftU— «f^-C^- F. 

[19*95 6] StfiB®2S^-f x;m©^3«. tJIBS 
1 fi^--i7 x ;Hg©/l£ © l /2 C 4 4^-S 

F. 

(S*^5 7] t&SBfiij&£Ai$ltt. 'V ?«T45C 
4?r^4TS!t#ftlS«©iEffi^5 43SIB*S©^««:U 
F. 

[59^5 8 ] iusBSSSS&Aim*. (Me s a ) 
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[ff|jfcS5 9) mitvv *mk.K&l&S:t\fc.**- J 7 
Si : t552¥i»#S«©TBB<i:5i!rtS* * ? 7-ja©±gB<t 

frz®¥fn#<Dmmm5 4Ji§e«s©3ag#u— tf# -( 

*-F. 
[000 1 ] 

[gJILhCfiMfrin **»U— if^*- 
F&c*-e©Sii:fraEK:HU 1$Krtg|5i£ASf£SftFftfc 

[000 2] 

[fiE*©StfrS] -«fCU— !fy<f:*--FI*ft£l/fc*— 
©•=&- F. ffiUfctMB (threshold ) SiiSJC&ttSigEb 

[0 00 3] CCDJ:5Aj:JSSf^i^t«©U— !f^^^ 

«<t^^©F^Km&*SfliK3-tf--5fci2> 

[0 004] £©<fc 5 Aj:(#ggg^$iMJl«»«(D?i5iC 
(type) tt!£DT«tt@©JL#*fc«T#K:{4SLTfi 

[0 00 5] C©£5&m^MJl£WOTt,>SSri5fc© 

[ o o o 6 ] a i «x v ?>tnc£ *) mm&xm^m^ 
[0007] c©ssitxn{a:> s-rs« i ±icm 1 * 7 

s>FJI2. r£ttS3. 12^7? FH4. JSl^iSWf 
5. Hs£»JB6, fc<fctfl$2¥igftJ17*J«2tf&i5 

* 0 fcm. Bfrie®z£iWRg® 6 ©Bfr5£gfc9-£S4«>ttTx 
^OTSSEiiAj»*^J58-r -5. 

[0 00 8]»3d'7i. FJB84B«fctf** *3TJB9*JB 
ttU * t 7 9 OJdiliSfi 1 ©T^It (C^ ti 
•efiSSlO. 1 1 SJISSTiciiM. 

[0 0 0 9] C©«fc^tt*a«*U— !fy-<*- FTtt, 

Suse®s$ii8EJi 6 tar i 5i« oi£g©*ig 

M8©lg 1 5 -Cttfr < . 312 v FH4*i& 

[0010] ftffiVg6 3-4 9 3 9 6-Sffc<t:tfE PO« 
f*?f?0. 1 3 2. 0 8 1-^Ttt. MOCVD (Metal Or 
game Chemical Vapor Deposition ) ffi(C J: 'OfS.SMi 
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[0 0 1 1 ] CC-CH, SSS*UBBS6COGaAs <tm2 
FJS4©A 1 GaAs<t£iIJRffj&x**>;/jg 
fc-CNH, OH: HO, x ? ^>^K:<fc O^MBJS 6 
Ccmii£aA?84^fiRL/c*i t C©B#Bffl<**ifci8©gl5# 
^2>7? FJI4©A 1 GaA sd^bSnru— tf 

^ *- f ©#i4(c a* i>iw*aat c t i & *. 

[0012] mt^v FJI4©A 1 GaAsW^ 
ft*C££Klt-r*/ca?>fc:. EPO^O, 142. 
8 4 5-^-Ctt. ^£$IJIEJ16<!:L/TA 1„. 7 Ga,., A 
10 sfcfclfBOfc. 

[0013] cmm 1 *#M0TSiigr-2.. 

[0 0 14] N - G a A s W&L. 1 _h<CM B E (Molecula 
r Beam Epitaxy) ^JffllTn - A l,.„Ga,.„As 
*7?FJH2. T> F-^F (undoped ) A l,.,,Ga 
Asi£ttJf3. m$0. Um©P-Al,.,.GsAs 

4. 0. 0 0 5 /im©J?3©P-GaA sK(tBfrJtK 

5. 0. 8 Mm©J?S©n -A 1 Ga,., As&ft 
tll^Jie. *J«fcc*0. 0 0 5 wmfflSSOn -GaA s 

20 [00 15]f©t. 7*hU'^hSifiJIL&7*h 
'j V V XfltCi *) * h 5 A ~m (Stripe groove 
) ^*-> 0^#-T) £2 0 ym©ifg-e?&£Lfc 

. O, :NH, O, =5: 1 ©x v 9->i/mWLXmUli 

- g a a s mm±mi 

[00 1 6] ot,>t?HF^jffi(Cj:»3l?rsen-Al.., G 
a.., As<mtfLMmm6*t$M-rtMZ> IfliSP-GaA 

s M<w±m.5 amm ? titan e, x 9 * > y * h ? y-r 

30 [00 1 7] o(,>T?MBEacc<fc9P-A l,.„GaA 
s 8*J«fcc>'P-GaA s 9*fiSSSi±/c«. «ffil 0. 
1 1 

[o o i 8 ] cctcfriaBiSii o. 1 1 ^lt^ss. 

94*- F*rS6*i-S. 
[00 19] 

[B^«^Li^i-rSI*gi] 0*>0ttJiS6. s^© 
40 ^©/^©^ifC^Mffi©^ x-^N{c*$iirii-e©#— 14 

(Uniformity) ©J§}f#gl<ln 

[0 02 0] T%t>^> &m&Xm*fci&TZ>tc#>K.> 

^&fflmm>t2- --'5 L >y^-■5©t , ^#^,isa©'i'I-^^ 

(Molecular Beam Epitaxy) £/c«MOCVD (Metal 
Organic Chemical Vapor Deposition ) &<D1k!§.i%}ffl 

[0 02 1] £/c. mTB2!|#rjgBS6 3-49 3 9 6#*$J; 
^EPO#lt0O. 1 32. 0 8 1 -5f©i§^rtt, *ft 
50 aA?»?:^-r-2,/c4b©x v^^^iSL/c^. 
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fi/cA 1 G a A s momtK. <fc *) . -e<D±(CfiXg$n4 
JB©£ (Quality ) )W£T<*ft*C i fc& «5 . CtttCfc 

[0 02 2] !friBEPO*N*3IO. 1 4 2. 8 4 5#T 

[0 02 3] *fc^1I«E$(!lEUg£LTA 1.., Ga 
... Ast>i©r. C*lKJ:»)f©±(Cn-GaAsS 

4. 

[0 024] 

u— 9****- F©S«^«*SiRtt&j£gK:J:i5JB 
[0 025] *^©f6©aW». SiRWfcJSSSKJ: 0 

[0 026] ±lE©gtt«jtOTSfci{>©:*8gl!©3a* 
;^^n (double hetero ) g^i&§©r§teB£J&JS£T 
SttJB±K:SiSESi|lEJB?ra»?a«j(cjgfiJrr4SISi. fcJ: 

[0 02 7] ±iz<Dm&)*mst? ^tc&xo^momm 

l&fiiZtltcflSia&'Zx.fr (Quantum well) JS. fffBrS 
ffla±©SirSBS«E&A3t©««K:^fi5i 3 txfcjg 2 S^F- ■> 
* A< JIfc «fc tfJiugBSifiitAifis «fc tf3i£$URgJI± K^ig 

[0 028] 

[H$&0fl) J£<T. iB«iaffi«:»-3i»r*»|l!©S(EJfcW* 
S8fflK|»g§T*. 

[ 0 0 2 9 ] H 2 ». *»l«©0 1 SUSWD^ttU- 

[0030] xmxom 1 mmm<o^m» u— tr * 

-F©#iSt*. 02«:^-rj:^{c. nIGaAsif2 
HtCnl!GaAsAy7rl22, nSA l,.„Ga 
As 1 f?7 FJ12 3. T>F-^"AlGa 

Asrt>e>ft£r§14JI2 4. il$0. 2~0. 65jim© 
pSA l,.„GaAsAi6WS2^77 FJI2 5jWH 
^RS^n. mmpMA l „.,,GaA sSii2 i>7 9 FJI 

2 5 ±©mfi&£A*?i 1 0 0 zmn istcffl&tcmz 3 0 ~ 
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1 0 0jim©7>K-7 , KGaA s Sfc«{£jgS©P - 
GaAs. Sfcttn-GaAsa^fc-SfiT--?*.*^ 
6i. SftftKl$fi3tttc^&;fM|SBS3 1 £*iJ&fiE<**l 

[0031] itrte^aAft i o o*s&unmmm 3 

1±«C. pSAl,., 1 GaAs*^^3*7?Fl 
3 2^fiS$n. f©iKpSGaAs*+?7'13 3 
ItrsB* 3 ©±gUiS«2 1 ©T 

gPi{Cp^^S3 2*jJ;^nM^S3 5#&*Jgj£<*ft 
10 -5. 

[0 0 3 2 ] H^l/fcuas. lSaA«10 0O^(C 

s&suEJia i ©TSPfc^isssnfcsT-'? * 2 6 © 

© 1 / 2 WT©S^f-? x ;l/Jl*J^fi£3 n -5 C i * 

[0033] ±.tmm<D*&w<Dm 1 0titw©¥jS{* u 

— t»*y-f*-F©«a*H3t#J«LrBM8r4. 
[0 0 34] *'r. 133 (a) «c^-r<fc5«:, nSGa 
As»fi2 l±tCMOCVD)S*jpiJfflL/-rnSGaA s 
^^B2240. 5 Mm£LL©J?i*r^JjSU -£©± 
20 (CnaAl,. (I GaA8^6WI 1^77Fg2 3, 
T> F-^A 1 Ga A s*>P.(k5gffiS2 4 ^^TT 

[0035] ^"C. KrlBffittB2 4±«:pSA 1..,, 
GaAs*6^592^7> FH25&0. 2~'0. 6 
5 */m©J53TJ&KU T> F-7*Ga A s ttctetSfc 
StDpiGaAsS/cttnlGaAs*^*^ 1 )* 
;WI26£30~1 003)->^ rn-A©/f$-C7&£ 
b/c&> pSAl, GaAs (x^O. 6) frtzfrtt 

30 [0036] cct, *mim&ffiit&2 7 «s i ©a 
j^&E$±T£fc«>©©-c 1 cn=&jf^-r-s®s«^©ji 

Of**. 

[0037]f&fo%. t^sMS2 6±{CfSaA 

tctbiC. GaAsHt±<^t£i^m<DS i O, 

Si, N, ^i*©iffi^M : &jllR^g3-l±-SB#{cvxi'i 

[0038 ]COI$, ^JB*^fiE3n/cgIJ^TGa A 
sS««:|5iD©ttS©jji*§||#<!: Lrj&g<**-i*©T« 
40 brmSET*. COJ^fcSiO, 

SfcttS i , N, J&i'©ffi^AS|trfgs i«SE*jtM2 

EB ^eXg § if S/c#©ifi&&t£S§-eg<,>B#fig #^-r i 
i. fi^^x-'H12 6*«S i O, SfclJSi, N, *>«E> 
©S i?SS©£0«£g|;*ft*£;&K:»ffiffl (grainy tex 
ture) m%.t>m&.-T2>. 

[0 0 3 9 ] Cfttcj:«3. mrlBfi^^x;l'S2 6fi±(c 
SiSSte±S2 7*0. 1 iimfei±©il$r^fitrs 
CitCfc*). S i*5a^^x;U®2 6^Sffi-r*Ct?: 
50 B£±-f£. 



u 

[OO4OJ03 (b) J: 9tc. mTlBS i g®ES 
. jtS2 7±{CS i O, SfcttS i,N 4 (Dzstzmm 

2 8 imm-rz. 

[0 04 1 ] 03 (c) {Ctk-TJ;^^. firlE*&gJS2 8 

?ItcJ:t>. 133 (d) &C7j\TJ:5(c. — ScDSS (CC 
■C« 1 m mgj:©?! (W, ) £*rr -5 ct 5 1 * h U 
^ r 2 9^^-->^bT^ii£i±AS}M«*5E«T 
•5. 

[0 04 2] 04 (a) JcjSTJ:'Ste, B?ia^'5?--> 

ift tiitm i * > u£>* h 2 g * wffl i/-c*§^*jiiR 

[0 04 3] 04 (b) ttijVr-r<fc5«:. 3S*Sy&2 8£ 

^^©^SKfefc-o Tautest l * r u-^ i- 2 90 

«©JJI2* r r 3 0£§£mU 04 ( c ) tCjjrr 

(W, ) (CCTB1 Oiim) *«T4^*->'dlB 

[0 04 4] 04 (d) CCtjVT <fc5iC, .rc*-->*ar 
lfcfi?ffi&2# h Ui?* 1-3 04vXi'il/tWffll/TH 
F*as igSE*ihJ82 7*S^;i^^>^-r-5. CCD 
S i &mV}±M2 7 <DT£4>re9 x JMf 2 6 # G 
aAsI?*5©-C, mrf-Vx-frmZ 6dCis^xas.v 

[0045] Si S2E*±K2 7 1 * r U^X r 2 
9©$I (w, ) -r*^5M«:aiHU/c4//S<Di!il4Wt- 

[0 04 6] aw>f. 05 (a) fC7jVr<fc5{c. UgB^ 
2* Wis?. r*»Sl/fc«. 05 (a) ©***§©£* 
^JC. 05 (b) {cjjrf J:5K:, OCVD&{c«i:»)mdS 

$ms®3 i fcj&gs-B-rmasaAsii o o zmis-rz. 
[0047] cfttepj« (mL^\±m) om&tevm- 

fcCit, 05 (a) <DVm<DV 
tf. Ga A sl^x;l/S2 6±K^??l/TI,»5{6g!I 
2 8 i S i SlSSKrit^ 2 7 tt*SfiJiSfi©-7* * £ l,T*iJ 
fflT*©T\ C©^#K«ig B ^J&B#ffi3lUi6ft<. S 
^•?*;u®2 6#g5ttJ<*ft;fcgpfl\ -r^cfe^m^aA^ 
&«(©tm©^l£©#G a A s igJitfjllRffjKj&B;* ft 

[0048] i/fe^-5-r. ^©iunxg^^i utc 

[0 04 9] CZ-C1£ifcitAm<0&VHm5 (a)©tf 
<tg©i£*©|l§S. ^^©^CC^O^Ci****. 

[0 05 0] ?ttt>1p. fiIgE3l2*r U^* r©;<£- 
>Jf?J&£>B$. ^jj&£Ajf|©* h ~> 4 •? (stripe) 
J&2*r IsVZ r©T35JI. CCrt»T-)x^S2 6 
0 1 1 >SL/<»<0 -1 -1 
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$/ctt<0 -1 l>$3fe«<0 1 -1>{C?So 
r«s£LTjS?^1f (Mesa) #©tli£?^i8£fl&iS-rS C 

[005 1 ] im> 05 (b) WftWx^tGaAs 
Sfc»A 1 GaAs©3lJRffj£i?^>^g&T<&£H 
F4XC&I.TH5 (c) (Cifrf Jc^K:, Si«SEl5±M 

2 7 *$j:tf*af£ig2 8 nmzxmm&om.* 

V*Jm2 6£^©/I3©l/2tLh£l!i5iJT£. 
[0 05 2] C©B$, M*'5x)l'®2 6isJ:V&ffiMm 

BMt&fc. PP$KHF*gil$tC<fc»)|&£;*ftS©T\ HF 

frV». 05 (d) tC^-$\fc5(C, LPE (Liquid Phase 
Epitaxy) ffiKJrOmSEflJRgJg 3 litCpMA 1 ,. 4S G 
a A sA>££r2>03 ^-7-? KJ13 2iplGaA s*f 
^@3 3<h£Wi;K«Ji&-rS. 

[0 05 3] CCBf. ^3^7^ K@3 2<DA1.., J G 
aAs*st^i;l/@26©GaAs 

LPE5!4g#tttCcfc-oraT'i7x;WJa2 6©Ga 
As*J»3^7? KJ132©A l,.„GaAs©^ 
)\,Y*vt> (Melt Back) jnil^^lt "A" 

[0 054] ^/c^^tcfcur. f?fH^3 £5 y KB 

[0055] m§zfrmmtt<D?& 1 siis^ec*jc»r. a^- 

Tlsf-VT (undoped)GaAs-C^fiX-r-5C4*5-C* 
[005 6 ] C©^ T> K-^GaA si>6<t5S i 

imffi]tm(»m2temi£utt£5iics i o, si, n, 

3E©$fef£Jg«: <fc 0 G a A s ©*®flt,> (qrainy textur 
e) ^a*K5±-r^fe*«:0. 1 nmy.±&f&LrjiVti 

[0057] ST-^i^Jl^fiSL/^tl^Suie©^^^^ 
^(C*Jt,»T*>. mrieffl3 2>-7? FS3 2*J<fcC/*- t .^7" 
(S3 3*MOCVDffiSfc«LPES«:J:«3Efc5§#S 

[0058 ] ±^bfc*^©0 1 SI^^I©^{*U- 
•tffW*- KCSIiS^ffiJCiJ^T. iSiO, Sfe:«S 

i, N, 3£©*&liJ®2 8?:jltRfl<J^SB$or)-7^^iL. 
Tffl^fe^tcMtSl^') ^;H12 6©«Sffl3im 

ffll^<T. lWi;l/@2 6±«:PSC (Phosphosil 
icate Class ) /S i O, $fcBPSG/S i , N 4 ~ 

mmzBM Lxctx%miRmti:i&&!%<D-7x >? t bxm 
\,>x*¥tw<D$$ 1 mmmoimzif 5 c i fcrt 

[0 05 9 ] £/c, SiO, , Si, N, SffettPSG 
/S iO, , PSG/Si, N 4 ?rfflt»)tt<rg^') ; c 
)IM2 6*^S$ii-SXa*t?jI^$#/cg. Chit 
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%&m%,T-C®&m LTGaAs*>*>£ x ;UJS 

26*GaAs-S i O, ®i«t OfPSLT CtlZMW. 

[0060] ®4K*mi(Dm2mmMic<i:zmm#i' 

[0 06 1 ] A l GaAs /G a A s ©g«Jg^©#ijg 

s, h*r3^ry-> 3 > (Graded Composition) £W3"SA 1 
Ga As/G&AsmZ&lS.-rZCtlcJ;'). r£&JH*i 

^©^©m>*^*;*-esi§^&s<fc. a&jmsj&msa 

N-SCH (Graded Index Separate Confinement Hete 
restructure ) ©U— if 24*- F&7ikLtc'b<DV$> 
3. 

[ 0 0 6 2 J #&P©82J§!iWc<fcS¥*IS#U--- !f ^ 
-Y:*--F©#jitt. S6CC^-r«t^{C. nlGaAsl 
ffi2 HKnlGaA s^97 7@2 2, nSAl,., 
— ... Ga A s#>£>£t$8l if Is— 7 v HS3 6, T> 

F-yGaAs*>6&5ffitt)B24, pIA 1 
...-„., GaAs*>6i5:5I2yu- fv Fg37. 
PlAl... GaAsi>6&5f2?7jKi25, # 

[0 063] tnenr2 » f@2 5±fcr> f-^g 

aAsJfcBfigg©pSGaAsSfc«nIGaAs 
[0064] COS-? 9 x Mg 2 6 «tttt&Ajft®fiM 

[0 06 5] mzfc&ASScs^-f xjuji©/?3 < t , > 

S ( t, ) ©1/2«T-CS>S (0< t, < 1/2 

t a ) . 

[0066] £tt&*V*JVm 2 6±<D«2iEmJMM 

Al,., GaAs*P6f<t£83 >75 FJB3 2*s^fiS3 
ft. ^3i»7!-K@3 2±(CpIGaAs!!i>64?.*t 
* 3 3 ftfifcSft. itrgfi* + v 3 3 ©±SPi«« 
2 l©TSPi{C-€-n-enpS«IS3 4*J«tc) c n^^®3 

[0 06 7] ±K»&©##fc!S©82^0«©iN§fl£U 
— 9 94 *- f ©»jft*ffi*H 5 *#JKl,TSW»- S. 

[0 0 6 8] S-T> 07 (a) KthTJ: 5 CC t niGa 
As*S2 l±tCMOCVD&£#JfflL>-CnI2GaAs 
-»<?7tB2 2?t0. 5umW±©JlST?^RKL. -3t,» 
tnfiAl,., GaAs/p^if 1J'7?FI2 3, 
nfiAl.. GaAs di£>&-58 1 ifXs—^v F 

H3 6. 

[0069JOU7. r>F-7*GaAsrS14J12 4?r 
5 0-1 00*>^ hn-AOJI^-Ci^O, pgA 
1... - ... GaAs*e.^5S2yu-f? FJf 3 



(3) «^f6 - 6 9 5 9 9 
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7. pSAl,., GaAs*6?t^2i'7?K12 5 

[0070)82^77 FJS2 2±(CT> F-^GaA 
sfc«{5igg©pMGa A s-^fiiSS©nSGa As*" 
6&&3T-2X.IHI2 6£3 0~ 1 0 0*>^ Fn- 
A©J?£rj&iXU «-?9xjl/JS2 6^0->!)3>SI 
£86±-f-5;fc«>tCpgA 1 xGaA s (x^0. 5) tif> 

t>ttz*mys&fflfi±m2 1 1 p&GaA s amu* 

10 5. C4»ttMB&tttI*£0l3 8ttl 0 0 0^>^h 

a - a (o&Lkom «* -c^-r s . 

[0 0 7 1 ] 07 (b) Jt^-fJ^tC. S*R&*Jl&^3 
8±KPECVD (plasma Enhanced Chemical Vapor 0 
eposition ) jSCCfc *) S i O, gfc«S i , N, 3?©I8 
®m 2 8 * 5 0 0 - 3 0 0 0 * > ^ F a - Aig ©H 3 

[0 07 2] 07 (c) cc^-t^jc. «&*S®2 8±K: 
81*rU^;*r2 9£*&ftU;Mg. 07 (d)JC^-r 
<£5tC. — £©*§ (W, =3~7«m) **-TSJ:5tC 
20 8 1 * h Ui>* F29*H)V^77^ mtcj: 0-"** 

[007 3] 08 (a) tC7jVr<fc5CC. B?fB^'^--> 

[0 0 7 4] OC»-C. 08 (b) CC^TJ:5(c\ 81* 
h F £fi££L*&lfyB2 8 *^tf^r©^ffi(Cfc/c 

ot^Sl^H/^ H2 9©|5lS©82*FU^ r 
3 0 ZmiBTZ. 

[0 0 7 5 ] 08 Co) {CtfTJ:^^. — 5£©"@ (W, 
30 =8-12ym) 4f-r5J:5«:$2*huyxh30 

8 (d) {C^-Ti^W:, H t SO, : H, O, : C 2 H 
, (OH) , : = 1 : 2 : 7 &®(Ciiifi5iiiRWI&*R 3 
Sfccfc^^gSKlhJg^?*^^?-!*^ 0 

9 (a) tC^T.fc^tC. 82* F Ui>* FfcBfcSTS. 
[007 6] 09 (b) {C^-r«fc^{C. SaSftteS^- 

■fx;Ha2 6±KMOCVDffiiC«fcO®3S©lK)a3 1 =& 

s!cS$-a-rm^aA^i o o*^sEo« c©.*^^ 

$nfc09 (b) SfilrBOE (Buffered Oxide Etcha 
40 nt) JCSUT09 (c) {C^-r«k^«C|6^JS2 8 5:^* 
U S^fCH, SO, : H, O, :C, H, (O 
H) , : = 1 : 2 : 7 ^■CB<riBaliRfitJ^*®3 8*J<k 
c^F^SSI»±iS2 7*l^*-r4„ 
[0 0 7 7 ] NH, OH : H, O, : H, 0= 1 : 1 : 

5 o oommzmmLxmfa&Ammcommstitcm. 

^^}IM2 6*S^- ^xJUJS©^? (t)©l/2« 
TT*2.J1$ (0^ t, ^ 1/2 t, ) (cjS*J:^«:|4 

mLxm&*m%mmfi±m2 1 tm*v x 2 6 1 

SO [0 0 7 8 ] -?-©&, 09 (d) {C^-r«k^«c. MOC 
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VD^tCjrO piA 1 ... GaAs*6ftSI3e'7» 
FB3 2. pSGaAs*64S + +>^I3 3^)S 
L. yy'M3 3±SPiS«2 1 TSBi ic-eft^*l p 
M1S&3 4fcJ:tfnS?tI&3 5£JBJ3!;L,-C > 

[ o o 7 9 3 c c-c, ®jsaA^©s««^ i mmm<o 

J:5tc0 5 ( I ) tttt<DKift<D|gu V *r»«»#l*Uct, 

[0080] -r&toi?. grseiifS2*h us>* f-A*-> 

©0fi&©B$. ®j£&Aift©* Y^J-f (stripe) #|6j=£ 10 
312* I- US?* h©TgP@-P*SS-^'? 3 :JH12 6©fc 

s^gko i i>st-<«<o -l -ixc*a 

■j«LT "V" ^©^ffiAjS^^r-5.*. * 
>cfct<0 -1 1>SK»<0 1 -l>(C?&-> 
r^fiRLT "jgyif (mesa) " VXD7£&&Am*&l&? 

[008 i ] $tc. mimmM<D£5< l c®9 (d) © 

"A" gS#©*R3«. l^^xJHS2 6©GaAs*5S 
3^7? FIB320A1... GaAstf^fta^OH-^' 
yi' (Melt Back ) £ftT£-C|&*3*v5. 20 

[0 0 8 2] 01 Ott3m^©f&2*B6fll©GR I N — 
SCHl/- •f^*- Ftcfc^T, r£t£JS (T>K-^ 
GaAs) 24©±TfC01 ifU-y'y F@3 6ilt 
nlA 1 y Ga,., As (y=0. 6-0. 2) £J&JjK 
b. U-t^ FH3 7£0Tp§JA 1, Ga,., 

As (x=0. 2-0. 6) £J&f£b-a&S (A) #8 

3 o -?**i§^*7f;L/c©T?. 0 1 1 itt&womm 

mm<OGK I N-SCHU-1f^-f^-K (06~0 
6) tctoo-c. f6©i&g£f#S;fc&tcffe©fyS0!lr, ffi 
tti24l:Al,. 0 ,GaAstMOgli'l/-f";l : 30 
13 6<b ItnSA 1 , Ga,.. As (y = 0. 6- 
0. 3) SggftU S2^U-f 7 FJS3 7 i L/"Cp§{ 
A 1, Ga,., As (x=0. 3-0. 6) ZftmLX 
i&S ( A ) #7 8 0 V$>2>i&&&7jkLitci><D-C$>2> c 
[0 08 3] 

[^BJ©5a*] fei±lttBJL/cJ:5«:, *I698©*3S*U 

fjK-rSCttf-CS*. £/c. I^JiCfcOfSttiSft/dg© 40 
^*5XS©^tf*{cg^«:|^*$ns©-C. l>— 

^^--K©<tfH4*ijS]jb^n4„ *&BF}<omBft 

— !f*<f*-F©I -LftiS0-r*-2.06*jJ:c;s7K: 

tfiftSOmASgffi^O^Millii^WU St2SU&e9 
JCfc-S^ilftU— If^tf- Wifil5~2 0 0mAgg 
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©##tCffiC> 0 & liffUt***- 
[0B©f9*fciB<jm 

[0 1 ] fi£*©^(*U-1f^'C*- F©«liS?:mT»r 
MS. 

[S2] xmiom immwicj:zmm<*i'— 
[13] *^§§©m i mmmic£z>mm# u-yttj * 

E0. 

[0 5] 04 tt^T IfifCgK XUfc^TXHSiJ^Sr 
11. 

[06] *JM8®»2jet««:j:5*W»u— tfjr-f* 

- F©«it*^r»rffi0. 

[0 7] ;*WH«H»2*W«CCj:**#*U--!ry<f* 

- F©«jt*S*7K-rxSSW^0. 

[0 8 ] 0 7 ftSrTXiflfcgK IH£^-f IUB'JS^fBr 
90. 

[0 9] 08K^-TXig{CiK<Ig?r7n-rxgSW^K 
®0. 

[010] *mw<Dm2mmw<ntn'-7 : v fh (g r 

a d e d layer) ©&J&0. 

[0in ^^©isjsitt&tfi©^--^ mom®. 
0. 

[012] *#69I©l?llJgMWc<fcS4S£#U-- tf^-f 
FaA&fttt I - LlMl0. 

[013] *&w<Dm2mfem«:j:z¥m#u— 
¥<ommma i - laws. 

2 1 s« 

2 2 A,7 7 i 

2 3 mifvyb-m 

24 SttJi 

2 5 12^7!! FJS 

2 6 S^-0*;ue 

2 7 Si 

2 8 t6*$)g 

2 9 JHl*hUS?X> 

3 0 H2*huyxh 
3 1 tt&fcMBUB 

3 2 03*^5- FIB 
3 3 

3 4.3 5 
3 6 

3 7 Sg2f U— 5 s ? FJI 
3 8 attRtt&B*£I9t 
1 0 0 A3? 



(10) #§3¥6 - 6 9 5 9 9 




(11) #giJ¥6-69 59 9 



[me] 



[07] 



34 



24- 
36- 



[138] 



V 

35 



^33 
-32 
-31 

^25 
-37 

N 23 



-21 




^21 



26 38 




0» 



X 



3T 28 

38 



27 lc> 




30. 28 



38 , 




26 



(d> 




A1 



10] 



0 0J2 0.6 



[011] 



All 



0 CU 0.6 
0.08 




✓25 

-24 
-36 
-23 



^25 
-37 

-24 
-36 

S 23 



(12) 



#8¥6-6 95 9 9 



36-^ = 
22--'" ' 



'A* 34 

-31 



26 
25 
24 

23 



35 



13] 



PO IF-PO 
(mW) 10 




IF 

0 10 20 30 40 50 60 70 80 90 100(mA) 



[01 2] 




PO IF-PO 
(mW) 10 




0 10 20 30 40 50 6070 80 90 100(mA) 



C72)»H* tfe ffi S (72)»H# * JK * 

7'*- M> h 2 -1019 



C13) 



«F§a^6 - 6 9 5 9 9 



*etss y *) jv&%<nm.mm%m 9-m xmmm v •> ^sijrfiasKff « 2-^95 

1555-13 -58, 20/4 

810-20 



